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Abstract
Introduction Trauma is a major contributor to global morbidity and mortality, and injury to the central nervous
system is the most common cause of death in these patients. While the provision of surgical services is being
recognized as essential to global public health efforts, specialty areas such as neurosurgery remain overlooked.
Method This is a retrospective case review of patients with operable lesions, such as extra-axial hematomas and
unstable depressed skull fractures that underwent neurosurgical interventions under local anesthesia.
Results A total of 13 patients underwent neurosurgical intervention under local anesthesia. Two and three patients
with burr hole decompression of epidural and subdural hematomas, respectively; seven patients had elevation of
depressed skull fractures and lastly one patient had an aspiration of a brain abscess. All patients survived with and
without residual neurological deficits.
Conclusion Access to resources and staff required to deliver general anesthesia is challenging in resource-poor
settings. We have therefore begun performing emergent interventions under local anesthesia, with or without con-
scious sedation. While some patients had some minor residual weakness after the procedure, the degree of neuro-
logical deficit was improved from that observed before the procedure in all patients.
Introduction
Globally, trauma remains one of the leading causes of
death and disability [1], particularly in low- and middle-
income countries where incidence and mortality of trauma
remain disproportionately high [2]. Brain and spinal cord
injuries remain the most common cause of mortality in
trauma patients [3]. In order to attenuate trauma-related
morbidity and mortality, it is imperative that we optimize
care for patients with traumatic brain injury (TBI).
In recent years, the delivery of surgical care has been
recognized as an essential element of global public health
[4], with particular emphasis in general surgical, obstetric,
and orthopedic care. Despite the high burden and serious
consequences of TBI, the delivery of basic neurosurgical
care has largely remained unaddressed [5]. The list of
essential procedures set forth in Disease Control Priorities
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includes only one neurosurgical procedure: burr hole
evacuation of subdural hematoma. This is discordant with
the relative prevalence of TBI, estimated at 150–170 per
100,000 in sub-Saharan Africa [6], which can be signifi-
cantly improved with neurosurgical interventions when
patients have extra-axial hematomas, depressed skull
fractures, or associated brain abscesses.
There are an estimated 1.0–3.1 operating theaters per
100,000 people in sub-Saharan Africa, as compared to 14.3
and 25.1 theaters per 100,000 people in the USA and
Europe, respectively [7]. In resource-poor settings, the
diminished operating theater capacity, shortage of nursing
and anesthesia providers, coupled with the lack of expertise
in neurosurgical procedures and the perceived poor prog-
nosis of patients with TBI have resulted in the lack of
prioritization of operative neurosurgical care delivery in
favor of general surgical and orthopedic procedures. In our
environment, it is both pragmatic and necessary to be able
to provide emergent neurosurgical interventions to patients
in the absence of a specialized team and outside the
operating theater.
Malawi is a landlocked country in southeast Africa with
a population if 16.4 million and a GDP of $1100 per capita
[8]. It currently has the designation of the poorest country
in the world and is hence representative of issues related to
surgical care delivery in low- and middle-income countries
(LMICs), such as low per capita healthcare spending, and
an inadequate nursing, anesthetic, and surgical workforce
resulting in limited access to surgical care.
Kamuzu Central Hospital is a 1000-bed tertiary care
center with five operating theaters, serving a catchment of
6 million people in the capital of Malawi. The surgical
department is staffed by consultants in general surgery,
orthopedic surgery, urology, pediatric surgery, and neuro-
surgery. There is also a general surgical residency. There
are four beds available in a high-dependency unit, with
1-to-1 nursing coverage and monitoring, as well as five
beds available in an intensive care unit equipped with
mechanical ventilation. X-rays, ultrasound, and CT scan-
ning, as well as basic laboratory investigations, are avail-
able. The availability of both radiology and laboratory
studies is not constant, due to resource limitations and
staffing issues. Anesthesia services at KCH are provided by
non-physician clinical officers akin to physician assistants.
Clinical officers undergo a shortened medical training of
about 18 months, with most of the training clinically based.
These clinical officers also manage the ICU care of
patients. Most acute situations, including intubation and
other airway management, in the emergency department
and the inpatient units are managed by general surgery
residents and attendings who have all undergone Advanced
Trauma Life Support (ATLS) training.
In order to overcome both infrastructural- and person-
nel-related impediment to neurosurgical operating room
access, we began performing emergency neurosurgical
operative interventions at the bedside under local anes-
thesia, with or without conscious sedation. We herein
present our case series of 13 neurosurgical operative
interventions and describe four representative cases
(Table 1).
Case presentations
In our setting, prior to any operative intervention under
local anesthesia, radiologic localization of underlying
neurological lesion is mandatory for perioperative planning
and preparation to improve chances of success. Operative
intervention was limited to the following diagnoses:
epidural and subdural hematomas, depressed skull frac-
tures, and intracerebral abscesses.
Epidural and subdural hematoma evacuation
After obtaining consent from patient or next of kin as
appropriate, the patients were sedated with 100 mg intra-
venous meperidine and 10 mg intravenous diazepam and
given 1 g of ceftriaxone. The head was shaved, and the
region of the procedure was washed with both alcohol and
0.5% chlorhexidine. About 1% lidocaine was infiltrated
into the skin, subcutaneous fat, and galea in the region of
the intended burr hole. Patients received intravenous lac-
tated Ringer’s fluid throughout the procedure and the
postoperative period.
Using sterile technique, a scalpel was used to make a
1.5-in. cut to the level of the bone, and a periosteal elevator
was used to strip the periosteum. A Hudson-Brace hand
drill with a perforator bit was then used to drill a burr hole
over the region of the hematoma. A rongeur was used to
expand the burr hole up to 2 cm if necessary, and the blood
was carefully evacuated using suction and forceps. For
subdural hematomas, a cruciate incision in the dura mater
overlying the hematoma was made. Intravenous tubing was
inserted gently into the burr hole to wash the entire area of
the hematoma with normal saline. A subgaleal drain was
left in place and removed after 24 h. Postoperatively,
patients received analgesia and phenobarbital as seizure
prophylaxis. After discharge, patients were seen in neuro-
surgical clinic every week for 1 month. At the time of
clinic review, all patients were either in the same condition
as discharge, or slightly improved as described in each
case. We present two and three patients with extradural and
subdural hematoma, respectively, following head injury.
PK was a 59-year-old man who presented to KCH after
being assaulted with a machete. On admission, vital signs
were within normal limits. Examinations revealed an initial
GCS of 14, with only slight confusion, and equal and
reactive pupils. The associated frontoparietal scalp and
right eyelid laceration were sutured. A skull radiograph
revealed a minimally depressed fracture of the frontal bone
at the site of the scalp laceration. Subsequently, a head CT
scan (Fig. 1) revealed a depressed comminuted right
frontal bone fracture with underlying epidural hematoma
and pneumocephalus, without significant brain edema. An
operating theater was not immediately available, so the
patient was taken to the surgical HDU, where the wound
was reopened and the epidural hematoma was evacuated
through the existing bone defect. The fracture was subse-
quently elevated using leverage from a small hemostat.
Postoperatively, the patient received a full course of
antibiotics. He was discharged from the high-dependency
unit the following day and discharged from the hospital on
5 days later with a GCS of 15 and no neurological deficits.
RC was a 75-year-old man who presented to KCH fol-
lowing a road-traffic crash. Unfortunately, he had been
admitted to the medical department for management of his
associated severe hypertension. At the time of his first
examination by the surgical department, he was found to
have a GCS of 8, with an eye score of 2, a verbal score of 2,
and a motor score of 4. Both pupils were dilated and
sluggishly reactive to light. A CT scan done at the time of
transfer (Fig. 2) showed a left subdural hematoma with
obliteration of the left lateral ventricle and significant
midline shift. A burr hole was done the same day, and the
subdural hematoma was evacuated. The patient’s GCS
improved to 15 within 48 h and was discharged several
weeks later via the medical department after continued
management of his hypertension. At the time of discharge,
the patient had moderate ataxia, but no other neurological
deficits.
Elevation of depressed skull fractures
Elevation of depressed skull fractures was performed with
the same general pre- and postoperative procedures
described above with the exception of children under
5 years of age who received only a dose of intravenous
meperidine without diazepam. All patients had associated
Table 1 Patient characteristics and neurological outcomes
Patient Sex Age (years) Procedure Outcome at discharge
TC M 33 Epidural hematoma evacuation Residual left hemiparesis
PK M 59 Epidural hematoma evacuation No deficits
LF M 39 Subdural hematoma evacuation No deficits
RC M 75 Subdural hematoma evacuation Residual moderate ataxia
SZ M 50 Subdural hematoma evacuation Residual right hemiparesis
JN M 16 Elevation of depressed skull fracture No deficits
AY M 35 Elevation of depressed skull fracture Residual right hemiparesis
LK M 15 Elevation of depressed skull fracture Residual right hemiparesis
PM F 8 Elevation of depressed skull fracture No deficits
PT M 8 Elevation of depressed skull fracture Minor residual full-body weakness
EB F 1 Elevation of depressed skull fracture No deficits
OY M 12 Elevation of depressed skull fracture No deficits
CD M 22 Brain abscess aspiration No deficits
Fig. 1 Depressed comminuted right frontal bone fracture with
underlying frontal and bilateral parietal epidural hematoma and
pneumocephaly
scalp lacerations overlying the fractures, which were
extended as necessary to access the skull fragments. After
visualizing the fracture, any loose fragments, especially
those protruding into the brain parenchyma, were removed.
The leverage of a small hemostat was used to carefully
realign the bones as much as possible. In one case (PM),
we used a periosteal flap to close the dural defect. We then
closed the scalp in a single layer. We present cases of seven
patients who required elevation of depressed skull fractures
and one patient who required elevation as well as abscess
aspiration.
AY was a 35-year-old man who presented with a history
of assault. He had previously been seen in the casualty
department was treated as an outpatient. He returned due to
decreased consciousness, episodes of convulsions, and
right-sided hemiplegia. At the time of admission, his GCS
was 10 with an eye of 4, a verbal of 2, and a motor of 4. His
pupils were slightly dilated but symmetric and reactive to
light. He underwent CT scanning on the day of admission
(Fig. 3) and was found to have a comminuted depressed
skull fracture. Upon review after surgery, the patient’s GCS
was 8, and he was intubated and admitted to the ICU. He
underwent physiotherapy while in the hospital and was
discharged 1 month after his admission. At that time,
power on the right side had improved to 3/5. In follow-up
clinic 1 week later, his weakness continued to improve.
CD was a 22-year-old man who was transferred from a
district hospital with a history of being assaulted with an ax
8 days earlier. At admission, his vitals were normal, and he
had no other injuries. His GCS was 15, and his pupillary
Fig. 2 Left subdural hematoma with obliteration of the left lateral
ventricle and significant midline shift
Fig. 4 Right parietal sub-galeal swelling with a comminuted skull
fracture, and underlying abscess
Fig. 3 Comminuted depressed skull fracture and underlying contu-
sion in the dorsal portion of the left frontal lobe (region of the motor
strip)
anesthesia, because of its lack of perioperative complica-
tions from inhalational anesthesia and the absence of pain
receptors in the brain [13]. It became even more of an asset
with increased understanding of cerebral localization.
Currently, in high-income settings, patients undergoing
cranial surgery are now often kept awake in order to
describe sensations that come with stimulation of certain
cortical areas [14]. Anesthetic technique has continued to
be improved for awake surgery [15], and patients report
comfort with the experience [16].
The addition of a sedative is a helpful adjunct while
operating under local anesthesia, since the experience can
be distressing to the patient. Because all anesthesia care
providers at KCH are clinical officers rather than physi-
cians, sedative dosing was generally done at the direction
of the consultant neurosurgeon, with drug dosing based on
ideal body weight. Importantly, we avoided the use of any
sedative in children. The main complication of these drugs
is respiratory depression [17]. For this reason, we ensure
that all patients had a Guedel airway as appropriate and
supplemental oxygen in addition to the availability of
suction equipment. To avoid additional drug doses and
subsequent risk of further respiratory depression, it is
important that all patients receive preoperative CT scans
and that the surgeons spend time planning the procedure
beforehand in order to limit operative time. We also use an
invasive, or non-invasive but continuous, blood pressure
recording to monitor for unexpected hypertensive peaks
that could cause bleeding during and after the procedure. If
patients appeared to be too deeply sedated or the protection
of their airway appeared to be at risk, they would be
emergently intubated and transferred to the ICU. We have
not seen any sedation-related complications in our setting
so far. However, the expansion and development of com-
prehensive critical care services would inevitably benefit
this patient population.
There are several opportunities for improvement
demonstrated in our cases. All patients with residual neu-
rological deficits were treated in a delayed fashion. Some
patients with TBI were initially discharged from the
emergency department only to return to the hospital with
neurological deficits. This points to the need for review of
the completeness of the trauma workup. These patients had
lesions that would have been detected on CT scan, had it
been performed on initial presentation. A careful history
and thorough neurological examination must be performed,
with care to follow-up on any evidence of TBI.
An additional challenge to the attenuation of TBI-re-
lated morbidity and mortality is posed by the shortage of
neurosurgeons in sub-Saharan Africa, with an estimated 1
neurosurgeon per 9 million people in the southeastern
Africa [18]. However, recent innovations are aimed at
addressing the undersized workforce through twinning
examination was normal, but he had an obvious right 
parietooccipital fracture. He was admitted to the general 
ward and underwent CT scan (Fig. 4) on hospital day 1, 
which showed subgaleal swelling, a comminuted skull 
fracture, and an underlying abscess. It was determined that 
the abscess should be accessible through the existing bone 
defect. The patient was sedated and received local anes-
thesia, and the existing wound was widened. A sterile 
cannula tip was inserted through the existing bone defect in 
the trajectory of the abscess, and a syringe was used to 
aspirate pus. About 10 ml of pus was drained from the 
wound, which was then sutured. The patient was dis-
charged from the hospital 5 days after admission with no 
neurological deficits.
Discussion
There is a significant burden of neurosurgical disease due 
to trauma that remains largely unaddressed in LMICs. In 
our setting, we have begun performing neurosurgical 
interventions for trauma patients at the bedside, under local 
anesthesia with or without conscious sedation, when gen-
eral anesthesia and operating room access are unavailable. 
We have had favorable outcomes, as demonstrated by the 
above cases.
Globally, injury to the central nervous system is known 
to be the most common cause of mortality in trauma 
patients [3]. Likewise, in our setting, head injury is the 
most significant driver of mortality following trauma [9]. 
Patients with TBI are often assumed to inevitably have 
poor outcomes, and as a result of this bias, might not 
always receive the best possible care. It is critical that we 
recognize the importance of neurosurgical interventions in 
specific clinical scenarios following trauma, as corrective 
surgical intervention of lesions such as extradural hema-
tomas result in favorable functional outcomes. Further-
more, the techniques do not require the physicians to 
secure an operating room, a nursing staff, or anesthesia 
services, all of which can be a challenge in our hospital.
It has been established that in patients with severe TBI, 
not all damage occurs at the time of injury, with secondary 
brain damage occurring in the hours and days following the 
initial insult [10]. Early implementation of the indicated 
management and interventions can have a significant 
impact on patient outcomes. In particular, when patients 
have extra-axial hematomas, evacuation should be per-
formed within 4 h of the initial injury in order to improve 
the patient’s chance at a favorable functional outcome 
[11, 12].
Local anesthesia and monitored sedation have long been 
used in the field of neurosurgery, beginning with Harvey 
Cushing, who operated almost solely under regional
programs [19], and the training of general surgeons to
perform basic and emergent neurosurgical procedures is
underway [20].
Conclusion
Resource-poor settings face numerous challenges in pro-
viding lifesaving neurosurgical care to TBI patients. In our
experience, several interventions including hematoma
evacuation, depressed skull fracture elevation, and abscess
aspiration can be safely and effectively performed under
local anesthesia. We have demonstrated in our case series
that these procedures can be performed safely. In all
patients presented here, the neurological status of the
patient improved from presentation, even if they did not
completely return to their neurological baseline. Epidural
and subdural hematomas can be rapidly fatal, and there is
no substitute for corrective neurosurgical intervention. The
techniques described here may be the only chance to save a
patient’s life. Furthermore, these procedures are simple and
accessible for anyone with basic surgical skills. Teaching
of this technique to general surgical providers in low-in-
come settings may significantly reduce TBI-related mor-
bidity and mortality.
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